Methods 24 eyes were selected from 40 consecutive patients with mCNV, and the patients were divided into Group A, consisting of 12 eyes treated by PDT, and Group B, consisting of 12 eyes treated by 1.25 mg IVB. The age and best-corrected visual acuity (BCVA) were matched between the two groups. The BCVA, size of the chorioretinal atrophy surrounding the CNV (CRA), central foveal thickness (CFT) and CNV thickness were determined before and at 12 and 24 months after the treatment.
Two-year comparison of photodynamic therapy and intravitreal bevacizumab for treatment of myopic choroidal neovascularisation INTRODUCTION
A myopic CNV (mCNV) is one of the major causes of legal blindness in developed countries. 1 The natural course of mCNV has been studied, and in almost 95% of the patients, the vision decreases to 0.1 in 10 years. 2 Although a variety of treatment protocols have been tried, the treatment of mCNVs is still not satisfactory. For example, direct photocoagulation of the mCNV can stop the exudations, 3 4 but an atrophic creep can invade the fovea after several years. 5 Macular translocation has also been widely used, 6 but the unfavourable aspects of translocation, for example, proliferative vitreoretinopathy and cyclodeviations, has limited its use. Surgical removal of a CNV has been reported to result in higher recurrence rates and poorer visual outcomes than macular translocation. 7 A sub-Tenon or intravitreal 8 injection of triamcinolone acetonide has also been reported, but the results have not been completely satisfactory.
Photodynamic therapy (PDT) with verteporphin, a photosensitiser and a low-intensity laser can occlude the CNV. 9 The VIP Study (Verteporphin in photodynamic therapy) reported that eyes treated with PDT had a slightly better visual prognosis than the placebo-treated eyes after 2 years. 10 However, PDT has also reported to have some posttreatment complications that led to visual decreases. 11 Intravitreal injections of bevacizumab (IVB) have been recently tried, and their effectiveness for mCNV has been confirmed for up to 12 months. 12e17 Although both PDT alone and IVB alone have been reported to be effective, there has been only one long-term (1 year) follow-up study comparing the outcome of PDT with IVB for mCNV. 17 Thus, the purpose of this study was to compare the effectiveness of PDT or IVB for treating mCNVs for up to 24 months. We also examined whether either of these treatments will result in a greater postoperative chorioretinal atrophy (CRA) surrounding the mCNV, and the relationship between CRA formation and visual function after treatment.
PATIENTS AND METHODS
The medical charts of 40 myopic eyes of 40 patients were reviewed (16 treated by PDT, 24 by IVB). The inclusion criteria were: refractive error >À6.0 D, type 2 CNV showing fluorescein dye leakage, no treatments before our initial treatment for the mCNV, follow-up period longer than 2 years, juxtafoveal or subfoveal location of the mCNV, characteristic pathological myopia fundus and interval from initial onset of symptom to treatment <6 months. The patients were placed in Group A, which included 12 patients treated with PDT alone, and Group B, which included 12 patients treated with IVB alone. To minimise the disadvantages of a retrospective study and to increase the reliability of comparing two groups, we selected 12 pairs of patients. As reported by Hayashi et al, 18 we matched patients based on age (within 5 years) and initial best-corrected visual acuity (BCVA, within 0.2 logMAR units). We excluded patients with an initial BCVA <0.1 and those younger than 40 years.
The of Medicine and was conducted to conform to the tenets of the Declaration of Helsinki. Patients were informed of the purpose of the treatments, experimental nature of the treatment and possible complications, and a written informed consent was obtained from all patients.
All patients had a complete ophthalmic examination including; measurement of the BCVA, slit-lamp examination, indirect ophthalmoscopy, fluorescein angiography (FA) and indocyanine green (IA) angiography, and optical coherence tomography (OCT; Zeiss Humphrey Instrument, Dublin, California) at the initial examination or before the initial treatment.
PDT was performed as reported in detail. 9 Briefly, 6 mg/m 2 of verteporphin (calculated from body surface area) diluted with 30 ml of 5% dextrose was injected intravenously at about 3 ml/ min. Fifteen minutes after the start of injection, a diode laser (689 nm) was used to deliver 600 mW/cm 2 over 83 s resulting in 50 J/cm 2 . The laser spot size was based on the greatest linear dimension (GLD) measured in the early-phase FA images.
IVB was injected through the pars plana into the vitreous cavity under sterile conditions. The dose of bevacizumab (Avastin; Roche, Basel, Switzerland) was 1.25 mg in 0.05 ml of saline. The injection was done with a 28-gauge needle 4 mm from the limbus under topical anaesthesia. The patients were instructed to apply antibiotics eye-drops for seven postoperative days.
PDT and IVB were repeated if the BCVA decreased by more than two lines of the BCVA at the last visit, or retinal oedema was detected by OCT indicating persistent CNV activity. Before each re-treatment by PDT or IVB, FA was done to confirm the location and activity of the CNV.
The BCVA, the central foveal thickness (CFT) and the CNV thickness were recorded every month after the treatment for 6 months and every 3 months thereafter. FA and IA were done on all patients of both groups at 3 months to determine the necessity of repeated treatment. Although the first evaluation at 3 months by FA and IA after the IVB might be late considering the pharmacokinetics of IVB, we believed that it was better to be cautious and search for any adverse events because there was not enough evidence of its safety when we started using IVB. After the first evaluation at 3 months, angiography was done only when the sign of a recurrence of CNV was observed.
An atrophic area around the CNV was considered to be a CRA, and the choroidal vessels could be seen through the atrophic RPE. The CRA was detected in the colour fundus photographs as reported. 19 The size of the CRA was expressed as the ratio of the area of the well-demarcated CRA surrounding the CNV divided by the area of the optic disc measured by the program included with IMAGINET (Topcon, Tokyo, Japan).
The statistical analyses for the changes of BCVA, CFT, CNV thickness, and CRA were performed after determining that the values were normally distributed. Paired (Student for equal distribution or Welch for unequal distribution) and unpaired t tests were carried out if the normal distribution was confirmed. Otherwise, a ManneWhitney U test was done. The presence of specific findings was tested using the c 2 test. The significance of relationship between BCVA and CRA, CFT was tested by a Spearman correlation coefficient test. p Values <0.05 were considered to be statistically significant.
RESULTS
The patients demographics are shown in table 1. The CNV was located juxtafoveally in four eyes in both groups, and the remaining eyes had a subfoveal CNV. The numbers of eyes with Three (25%) eyes in Group A and five (41.7%) eyes in Group B were treated more than once during the 24-month follow-up period. The mean number of treatments was 1.3 times in Group A and 1.6 times in Group B. These three eyes in Group A were given PDT twice, three of five eyes in Group B had IVB twice, and two eyes had IVB three times. All of the eyes retreated by PDT and four of the five eyes retreated with IVB had a re-treatment in the first year. Only one eye in Group B was retreated in the second year. Representative cases are presented in figure 1 (Group A: PDT) and figure 2 (Group B: IVB).
The mean BCVA at 12 months was 0.8060.28 logMAR units in Group A and 0.4960.42 logMAR units in Group B ( figure 3A) . The change in the BCVA from the baseline BCVA was significant in Group B (p¼0.003) but was not in Group A (p>0.05). The BCVA in Group B was significantly better than that of Group A at 12 months post-treatment (p¼0.031). Also, nine eyes (75%) in Group B gained more than one line from baseline, but only three eyes (25%) in Group A gained the same degree of visual improvement.
At 12 months, the CFT ( figure 3B ) and CNV thickness ( figure   3C ) figure 3D ). The CRA area in Group B was significantly smaller than that in Group A at 12 months (p<0.05).
Twenty-four months after the treatment, the BCVA was 0.7860.24 logMAR units in Group A and 0.5060.38 logMAR Figure 1 Left eye of Japanese man treated by verteporfin photodynamic therapy. The refractive error was À11.5 D. Two months after the onset, the patient received photodynamic therapy. A one-disc-diameter subfoveal myopic choroidal neovascularisation (CNV) was observed accompanied by subretinal haemorrhage and a 0.72-disc-ratio chorioretinal atrophy (CRA; blue line). The best-corrected visual acuity (BCVA) was 0.3 (top left). Fluorescein angiography (FA) shows dye leakage in the late phase (middle left), and optical coherence tomography (white line indicates scan line in colour fundus image) shows a type 2 choroidal neovascularisation with retinal oedema (bottom left). Twelve months after the treatment, subretinal haemorrhage is not present, and the CRA has increased to 2.24 disc ratio. The BCVA remained at 0.3 (top middle). The hyperfluorescence of the tissue can be seen in the FA (middle middle), and the CNV and retinal oedema have decreased (bottom middle). At 24 months after the treatment, a greycoloured area in the former location of the CNV can be seen, and a well-demarcated CRA (3.62 disc ratio) has developed surrounding the CNV (top right). The visual acuity decreased to 0.1. Late-phase FA shows no dye leakage within the CRA (middle right), and the CNV is flat (bottom right). units in Group B ( figure 3A) . The changes from the baseline BCVA were significant in Group B (p<0.01) but not in Group A (p>0.05). The mean BCVA was significantly better in Group B at 24 months (p¼0.041). Eight eyes (66.7%) in Group B gained more than one line from baseline, but only five eyes (41.7%) in Group A gained the same value at 24 months.
The CFT and CNV thickness at 24 months was 192641 and 290663 mm in Group A, and 174636 and 2766106 mm in Group B ( figure 3B,C) . The decrease in CFT and CNV thickness was significant in both groups (p¼0.003, <0.001 in Group A and, p<0.001, <0.05 in Group B). The differences in the CFT and the CNV thickness between the two groups were not significant (p>0.05, 0.05, respectively). At 24 months, the CRA areas increased to 2.0461.38 DR in Group A and to 1.0460.54 DR in Group B (p<0.01, p<0.001). The CRA area around the CNV was significantly larger in Group A than in Group B at 24 months (p<0.05).
The coefficients of correlation between the visual acuity and CFT at 12 and 24 months in both groups were not significant (Group A: p¼0.171, p¼0.106; and Group B, p¼0.851, p¼0.799). On the other hand, there was strong correlation between the visual acuity and CRA area at 12 months in Group B (p¼0.018, r¼0.72);it was moderate in Group A at 12 and 24 months (p¼0.035, 0.049; r¼0.64, 0.62) and in Group B at 24 months (p¼0.023, r¼0.69).
No ocular or systemic complications including cardiovascular complications were detected in both groups up to 24 months after the initial treatments.
DISCUSSION
The long-term prognosis of mCNV is poor because of the secondary development of a CRA many years after the onset. The prevalence of a CRA around a CNV was reported to increase . At 12 months after the treatment, the subretinal haemorrhage has disappeared, and the CNV is more pigmented. The BCVA has improved to 0.6, and a 0.12 disc ratio CRA developed (blue line, top middle). A weaker hyperfluorescence can be seen without dye leakage (middle middle), and the CNV and retinal oedema has decreased (bottom middle). At 24 months after the treatment, CRA developed to 0.65 disc ratio around the CNV, and subretinal haemorrhage due to recurrence at 21 months was observed at nasal superior to the original lesion (top right). A second attempt of intravitreal bevacizumab was made against the recurrence at this eye. The visual acuity remained at 0.6. The late-phase FA shows new lesion of dye leakage, which was not seen at 1 year (middle right); however, the original CNV is flat, and no prominent retinal oedema can be seen (bottom right).
to nearly 95% in 10 years, and over 90% of patients had vision lower than 0.1. Currently, the most common treatment of mCNVs is PDT. However, a PDT study (VIP study) revealed no significant improvement of the primary outcome at 24 months. 9 The visual changes in the VIP study at 24 months showed that 12% of the eyes had a >3 line increase, 39% had >1 line increase, 35% had <1 line decrease, and 10% had <3 line decrease. 10 Although the number of re-treatments with PDT in an earlier study was greater than ours, the distribution of the visual acuity changes was quite comparable with our results in the PDT group (8, 25, 42 and 17% respectively).
IVB was introduced as a new treatment of neovascularisationrelated eye disease including mCNV. 12e17 The improvement of vision after IVB has been reported up to 12 months (table 2   12e17 ). There has been only one comparative study after a 1-year followup of PDT and IVB, and these authors reported that 42% of the cases had a >3 line improvement, and 49% had a >2 line improvement in the BCVA, which was better than that after PDT. 17 At 12 and 24 months, our results with a similar or smaller number of eyes showed an increase in vision of >3 lines in 42% and 2 lines or more in 58% of the eyes. Although we carefully determined the indications for reinjection, the dose and numbers of injection might have affected the differences between our results and those of others. Our re-treatment interval was longer than that of most recent studies because the safety of IVB had not been reported when we began usng IVB. However, even under this treatment regime, the cases after IVB had a better visual acuity and smaller CRA formation in spite of the relatively lower overall dose of IVB. More intensive use of IVB might have resulted in better morphological and functional prognosis. It must still be determined whether more intense treatments with IVB will result in better vision in mCNV patients.
We found a significant decrease in the CFT and CNV thicknesses in both groups at 12 and 24 months. The CFT in our IVB patients were relatively thinner than previous reports (185 vs 206e214 mm at 12 months), 13 14 but they were still thicker than that of normal eyes. The longer follow-up period might show a further thinning of the CFT possibly causing a long-term visual impairment.
Eyes in both groups showed a certain degree of expansion of the CRA at 12 and 24 months. The areas were greater at 24 months, and the CRA had most likely progressed. The influence of PDT and IVB on the CRA formation has not been determined. The choriocapillaris can be occluded after PDT, 21 and may result in RPE dysfunction and contribute to the CRA formation. Bevacizumab is a humanised murine monoclonal antibody against vascular endothelial growth factor (VEGF), and VEGF is known to maintain the normal function of endothelial cells. 22 Bevacizumab occludes vasculature after binding to the receptor of endothelial cells of the CNV. No adverse effect has been reported electrophysiologically, 23 but bevacizumab has the potential to damage the choriocapillaris, for example, loss of fenestrations, 24 resulting in RPE disabilities, although our and previous 17 results suggest that bevacizumab is less damaging to the normal RPEechoriocapillary complex compared with PDT. The CRA area was significantly smaller in the IVB treated eyes, which may be partially explained by the fact that VEGF stimulates RPE cell migration. Bevacizumab decreases the RPE cell migration and might prevent CRA formation to some extent. Because there was a significant correlation between better BCVA and smaller CRA area at 24 months, the use of IVB might slow the growth of CRA and visual decrease than PDT. In addition, although we did not include cases which received PDT before, the favourable visual outcome has encouraged us to use IVB to treat patients after an earlier PDT.
One of the limitations of this study was its retrospective and non-randomised design. To increase the reliability of this study, we matched the age and initial BCVA in both groups because the BCVA at 5 years after onset has been reported to be mainly affected by the patient's age and initial BCVA. 25 In addition, because we treated mCNV patients consecutively, at the same institution, and used one inclusion and re-treatment criteria for both treatments, we were able to compare the two treatments fairly.
In conclusion, we studied the long-term results of PDT and IVB for mCNV. The BCVA was better after IVB for up to 24 months. The expansion of a CRA around the CNV was less in the IVB treated eyes. Although IVB showed a better resolution of CNV with smaller CRA formation, considering the possible systemic complications and adverse ophthalmic effect, IVB is still not the ultimate treatment of mCNV.
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